Objective: The aim of this study was to analyze dietary ω-6:ω-3 polyunsaturated fatty acid (PUFA) ratio and its association with adiposity and serum adiponectin levels in a Mexican population. Methods: In this cross-sectional study, individuals with a BMI ≥ 18.5 kg/m 2 , were classified using four methods to measure adiposity. Parameters of body composition were measured by InBody 3.0. Diet intake was evaluated prospectively using a 3-day written food record. Serum high-molecular weight adiponectin isoform was measured using an ELISA assay. Biochemical and adiposity variables were analyzed by tertiles of dietary ω-6:ω-3 PUFA ratio. Results: A total of 170 subjects were recruited with a mean age of 36.9 ± 11.8 years. The 73.5% of subjects were women. Subjects in the higher tertile of dietary ω-6:ω-3 PUFA ratio had more adiposity and higher levels of triglycerides, VLDL-c, glucose, insulin and HOMA-IR than those in the first tertile (p < 0.05). Adiponectin levels showed a trend according to dietary This study suggests that high dietary ω-6:ω-3 PUFA ratio is positively associated with excessive adiposity and worse metabolic profile.
Introduction
Obesity is an abnormal accumulation of fat mass that can be harmful to health. The prevalence of overweight and obesity has increased by more than 50% worldwide since 1980 [1] . Data from the ENSANUT (Encuesta Nacional de Salud y Nutrición) 2016 survey showed that 38.6% of women and 27.7% of men in Mexico are obese [2] .
This condition is one of the main risk factors for the development of non-communicable chronic diseases (NCDs) [3] , such as hypertension, ischemic heart disease, stroke and type 2 diabetes mellitus (T2DM), which cause approximately 63% of the total number of deaths worldwide [4, 5] .
High-molecular-weight (HMW) adiponectin isoform is an adipocytokine secreted by adipocytes; it has been shown to have anti-inflammatory and anti-atherogenic properties, while hypoadiponectinemia has been associated with insulin resistance, T2DM, and cardiovascular disease [6, 7] . This adipocytokine is expressed through the peroxisome proliferatoractivated receptor gamma (PPARγ), which is activated by ω-3 polyunsaturated fatty acid (PUFA) [7] .
Overfeeding leads to adiposity, defined as body fat accumulation, which in turn leads to adipocyte dysfunction [8] . In this state, lower levels of adiponectin are observed [9] . However, the degree to which an inappropriate intake of macronutrients, and particularly a high dietary ω-6:ω-3 PUFA ratio, may be associated with adiposity and abnormal adiponectin levels remains unclear [10] .
Excess adiposity is accompanied by a chronic state of low-grade inflammation [11] . The ω-6 PUFAs are precursors of pro-inflammatory eicosanoids, while ω-3 PUFAs produce more anti-inflammatory eicosanoids, cytokines, and resolvins [12] . Moreover, it has been reported that the intake of ω-3 PUFAs in Western countries is insufficient and often accompanied by a dietary ω-6:ω-3 PUFA ratio higher than 10: 1 [13, 14] . Thus, the objective of this study was to determine the dietary ω-6:ω-3 PUFA ratio and its association with adiposity and serum adiponectin levels in a Mexican population.
Material and Methods

Subjects
A total of 256 subjects aged 18-65 years (70 male and 186 female) with a BMI ≥ 18.5 kg/m 2 were considered for the study. Subjects were recruited via posters and leaflets. A total of 86 subjects were excluded due to incomplete data ( fig. 1 ). The trial was conducted from May 2010 to December 2014 in Guadalajara, Jalisco, Mexico. Measurements were taken at the Medical Molecular Biology Service at the 'Fray Antonio Alcalde' Civil Hospital of Guadalajara. Exclusion criteria included pregnancy, alcoholism (more than 20 g/day and 40 g/day of ethanol in women and men, respectively), history of cardiovascular disease or stroke, endocrine diseases, T2DM, or any other chronic degenerative disease. None of the subjects were tobacco, and/or ω-3 supplement users, and none were taking lipid or weight loss medication, sulfonylureas, thiazolidinediones, insulin, glucocorticoids, antineoplastic agents, angiotensin receptor blockers, angiotensin-converting enzyme inhibitors, or psychoactive medications.
Ethics
Written informed consent was obtained from all participants, and all information was coded to keep the name of the subjects confidentially. The study was approved by the Hospital's Ethics Committee and by the University of Guadalajara's Human Research Ethics Committee (Registration number: CI/019/2010) and was realized according to the Declaration of Helsinki in its revised version of 2013 [15] .
Dietary Intake
Subjects were provided with a prospective serial assessment of nutritional intake using a 3-day written food record. All were instructed on how to record the type, amount, and preparation methods of the food they consumed during 2 weekdays and 1 weekend day. Dietary data were assessed using food scales and models to increase the accuracy of reported portion sizes. The food records were reviewed and coded by a trained registered nutritionist. Nutritional intake was calculated using Nutritionist Pro TM Diet Analysis software (Axxya Systems, Stafford, TX, USA). Newer Mexican foods that were not listed in the Nutrient Composition of Mexican Food Guidelines were added to the Nutritionist Pro database.
Anthropometric Measurements
Anthropometric and clinical parameters were measured following a 12-hour fast and after having evacuated bowels. Height and weight were measured with subjects wearing a provided disposable gown. BMI was calculated as weight in kilograms divided by height in meters squared. Waist circumference (WC) (narrowest diameter between xiphoid process and iliac crest) was measured using a Lufkin measuring tape. Tetrapolar body electrical bioimpedance was used to determine body composition including protein and fat mass (InBody 3.0 body composition analyzer; Biospace Co Ltd, Seoul, South Korea). Body adiposity index (BAI) was calculated using the formula (hip circumference) / ((height) × 1.5) -18 [16] .
Definition of Excess Adiposity
While BMI is one of the most useful methods for the diagnosis of obesity, it measures only total body mass and does not reflect adipose tissue mass. In order to ensure a more optimal approach to adiposity and its relationship with the variables of interest, we also used body fat percentage (BFP), WC, and BAI the latter of which is a new adiposity measurement method [16] . The cutoffs used to determine excess adiposity were BMI ≥ 30 kg/m 2 in both men and women, BFP > 20% in men and > 30% in women, WC ≥ 90 cm in men and ≥ 80 cm women, and BAI > 21% in men and > 33% in women [17] . 
Biochemical Measurements
Venous blood samples were taken and immediately centrifuged to obtain the serum. The samples were then analyzed and frozen at -80 ° C for preservation. All biochemical evaluations were performed simultaneously (in order to minimize analytical variability) using a Vitros-250 dry chemistry analyzer (Ortho-Clinical Diagnostics, Johnson & Johnson Services, Inc., Rochester, NY, USA). The following tests were performed: glucose, triglycerides, cholesterol, high-density lipoprotein cholesterol (HDL-c) and C-reactive protein (CRP). Low-density lipoprotein cholesterol (LDL-c) was calculated using the Friedewald formula [18] excluding subjects with serum triglyceride values above 400 mg/dl [19] . Concentration of very-low-density lipoprotein cholesterol (VLDL-c) was calculated as VLDL-c = total cholesterol -(LDL-c + HDL-c).
For quality control purposes, a human pooled serum and a commercial control serum (Ortho-Clinical Diagnostics) were used to account for imprecision and inaccuracy of the biochemical measurements. The intra-assay variability (CV%) of biochemical assays was relative to 10 repeated determinations of the control serum in the same analytical session, whereas inter-assay CV% for each variable was calculated from the mean values of control sera measured over five analytical sessions. Insulin levels were determined using an ELISA assay (Monobind Inc, Lake Forest, CA, USA) according to instructions from the supplier. Insulin resistance was estimated according to the homeostasis model assessment of insulin resistance (HOMA-IR) [20] and calculated as follows: (Fasting insulin (μU/ml) × fasting glucose (mg/dl)) / 405, where HOMA-IR > 2.5 indicated the presence of insulin resistance.
Adiponectin HMW adiponectin isoform was measured by ELISA assay according to the instructions from the supplier (ALPCO Adiponectin ELISA, 2013). The recovery rate was almost 100%, and the intra-and inter-assay coefficients of variation for adiponectin were 3.3% and 7.4%, respectively (ALPCO Diagnostics, Salem, NH, USA). Normal serum HMW adiponectin levels were considered to be 3 μg/ml [21] .
Statistical Analyses
The Kolmogorov-Smirnov test was used to determine normal distribution of the variables. Student's t and Mann-Whitney U tests were used to analyze the differences in demographic, anthropometric, biochemical, and nutritional characteristics of the study population by sex. Because adiposity measurements display sexual dimorphism, analysis in this study were adjusted by sex. ANCOVA test was used to test differences in biochemical and adiposity variables according to tertiles of dietary ω-6:ω-3 PUFA ratio, with energy intake and sex as covariates. Energy-adjusted intake was calculated by adding the mean of PUFA intake to the residual from the linear regression model. Multivariable linear regression analysis was performed to identify the associations of dietary ω-6:ω-3 PUFA ratio with biochemical and adiposity variables. All models were adjusted for age, sex, energy intake and weight, except for the association of BMI, in which weight was not consider as covariate in order to avoid collinearity. Statistical analyses were performed using SPSS v.20.0 (IBM, Armonk, NY, USA), and a p value < 0.05 was considered statistically significant.
Results
Population Description
A total of 170 subjects were included. The 73.5% were women (n = 125). According to the four methods used for adiposity classification, more than 60% of the study population presented excessive adiposity. Weight, BFP, protein mass, adiponectin, and energy intake varied by sex, as expected. Dietary ω-6 and ω-3 PUFA intake were higher in men than in women, but the dietary ω-6:ω-3 PUFA ratio was identical in both sexes. Additional characteristics are presented in table 1 .
Dietary ω-6 and ω-3 PUFAs
The mean of dietary ω-6 PUFA was 15.9 ± 10.7 g, and it was obtained by adding α-linoleic acid (18: 2) and arachidonic acid (AA, 20: 4). The intake of ω-3 PUFA was 1.5 ± 0.9 g, and it was calculated using the amount of α-linolenic acid (ALA, 18: 3), stearidonic acid (18: 4), eicosa- pentaenoic acid (EPA, 20: 5), and docosahexaenoic acid (DHA, 22: 6). Hence, ω-6 and ω-3 PUFA intake were used to calculate the dietary ω-6:ω-3 PUFA ratio, the result of which was 14: 1.
Tertiles of Dietary ω-6:ω-3 PUFA Ratio and Biochemical Variables
Biochemical and adiposity measurements were analyzed by tertiles of dietary ω-6:ω-3 PUFA ratio. Subjects in the higher tertile of dietary ω-6:ω-3 PUFA ratio had higher VLDL-C, triglycerides, glucose, insulin, and HOMA-IR than subjects in the lowest tertile. Besides, adiponectin levels showed a considerable trend toward significance with lower levels in the third tertile and higher levels in first tertile of dietary ω-6:ω-3 PUFA ratio (p = 0.061). Other biochemical variables compared by tertiles showed no statistical differences ( table 2 ) .
Tertiles of Dietary ω-6:ω-3 PUFA Ratio and Adiposity
Related to the four adiposity measurements, only BFP showed differences between tertiles of dietary ω-6:ω-3 PUFA ratio. Subjects in third tertile presented higher BFP than Values are shown as mean and standard error. Data were adjusted by sex and energy intake. Means with the same letter subscripts are equal. Means with different letter subscripts are different.
those in the first tertile. There was a trend towards significance in BMI (p = 0.05) and WC (p = 0.09), in which subjects in the third tertile had the higher adiposity values ( table 3 ) .
Association of Dietary ω-6:ω-3 PUFA Ratio with Adiposity and Biochemical Variables
A multivariable linear regression analysis was conducted to test for the presence of an association of dietary ω-6:ω-3 PUFA ratio with adiposity and biochemical variables. All adiposity and biochemical variables that showed a tendency or were significant in the univariable analysis were selected to test an association in the multivariable model. In that sense, WC, insulin, and HOMA-IR, were positively associated with dietary ω-6:ω-3 PUFA ratio ( table 4 ) . On the other hand, VLDL-c, triglycerides, glucose, and adiponectin levels did not present any significant difference (data not shown).
Discussion
Due to the relationship between excessive fat consumption and the development of obesity, greater attention has been focused on the intake of certain types of fatty acids and their relationship with adiposity, as well as on alterations in different molecules secreted by adipose tissue, such as adiponectin. In this study, we focused on the dietary ω-6:ω-3 PUFA ratio, and the ratio of 14: 1 detected in our study is consistent with other studies reporting a ratio of 16: 1 [22] . It has been suggested that this elevated ratio causes greater and chronic inflammation status, which in turn leads to a vicious cycle in which low-grade inflammation favors obesity and vice versa [23] [24] [25] .
In addition, subjects with a low dietary ω-6:ω-3 PUFA ratio (first tertile) had better triglyceride, VLDL-c, glucose, insulin, and HOMA-IR parameters than those with a higher dietary ratio (third tertile). Besides, in a multivariable model, insulin and HOMA-IR were positively associated with the dietary ω-6:ω-3 PUFA ratio. In vivo studies have shown that mice that were fed with a high dietary ω-6:ω-3 PUFA ratio had higher levels of triglycerides in comparison with those fed with the lowest ratio [26] . Likewise, when rats were fed with a diet with low ω-6:ω-3 PUFA ratio, glucose and insulin levels improved; moreover, in some cases these changes were accompanied by lower levels of pro-inflammatory cytokines [27] . Human studies have shown that subjects who receive a dietary supplementation with ω-3 PUFAs, decrease their AA:EPA ratio, and this change is accompanied by a reduction in triglyceride levels that is not observed in subjects receiving placebo treatments [28] .
Most human studies related to dietary PUFAs, only report the intake of ω-3 PUFAs, but not the ω-6:ω-3 PUFA ratio. However, it is expected that an increase in the intake of ω-3 PUFAs will be followed by a decrease in the dietary ω-6:ω-3 PUFA ratio [29] . In that regard, it has been reported that subjects who increased their consumption of ω-3 PUFAs showed lower levels of glucose, insulin, HOMA-IR, and triglycerides as well as higher levels of HDL-c and adiponectin. This finding is consistent with the results of the present study [30] . In our study, adiponectin levels showed a trend according to dietary ω-6:ω-3 PUFA ratio (p = 0.06). It has been suggested that the association between adiponectin and ω-3 PUFAs is linked with a better inflammatory profile and lower levels of tumor necrosis factor-α, which has been associated with lower adiponectin levels [31] . However, more studies are necessary in order to elucidate this mechanism. Regarding adiposity measurements, the subjects in the present study had higher BFP when a higher dietary ω-6:ω-3 PUFA ratio was found compared to individuals who consumed the lowest dietary ratio (first tertile). Nevertheless, this was not confirmed in the multivariable model. In contrast, Lund et al. [32] observed a negative association between dietary ω-3 PUFAs and BFP, but no association was found between dietary ω-6:ω-3 PUFA ratio and WC or BFP. This finding may be attributable to a ratio of dietary ω-6:ω-3 PUFAs of 4: 1, a ratio considered to be optimal. Similarly, it has been reported that subjects who consume more ω-3 PUFAs over a 10-week period present lower body fat mass than those in a control group [33] . On the other hand, in present study, a positive association of dietary ω-6:ω-3 PUFA ratio with WC was found. It has been reported that higher intake of ω-3 PUFAs was associated with lower prevalence of enlarged WC [34] . In vitro , ω-6 PUFAs have been shown to favor the accumulation of triglycerides in adipose tissue [35] , and ω-3 PUFAs were a negative regulator of lipogenesis in an animal model [36] . Besides, WC is an indicator of abdominal fat accumulation, which is a risk factor to develop metabolic alterations such as insulin resistance, hyperinsulinemia, or T2DM [37] . Therefore, this study highlights the importance to have and maintain an optimal dietary ω6:ω3 PUFA ratio in order to improve metabolic profile.
The limitations of this study include its small sample size. Although only the dietary ω-6 and ω-3 PUFAs were evaluated, studies have demonstrated a strong correlation between the reported dietary and serum levels of these PUFAs [38] . Studies that measure dietary and plasma ω-6 and ω-3 PUFAs at the same time would help to clarify these results. Likewise, studies with a larger sample size to verify a possible causative effect of the dietary ω-6:ω-3 PUFA ratio on anthropometric parameters of adiposity and other adipocytokines are also necessary to clarify these associations.
Conclusions
This study suggests that a high dietary ω-6:ω-3 PUFA ratio is positively associated with measures of adiposity such as WC. In addition, subjects with higher dietary ω-6:ω-3 PUFA ratio had worse metabolic profile, specifically regarding insulin and HOMA-IR values. These findings could contribute to the design of more specific nutritional interventions in patients with high adiposity and insulin resistance.
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